A defect affecting the transient visual sub-system is believed to be one of the prime factors affecting reading disability. In this study, the transient deficit hypothesis was tested using the global precedence paradigm, examining retinal sensitivity, and comparing of patterns of responses to large versus small stimuli. Participants were three groups of dyslexic, chronologically age-matched, and reading age-matched children. The results revealed that although dyslexic individuals did not show any deficit in processing (a) wholes and parts (Experiment 1); (b) information in peripheral locations of the retina (Experiment 2); and (c) various sizes of the stimulus (Experiment 3); they showed a deficit in temporal processing of visual information. These findings challenge the transient deficit hypothesis in the sense that the transient sub-system has been suggested to be associated with processing of the global level, low spatial frequencies, and peripheral vision; however, they confirm that hypothesis in the sense that this visual sub-system is suggested to be associated with processing of high temporal frequencies. Transient deficit hypothesis and dyslexia: examination of whole-parts relationship, retinal sensitivity, and spatial and temporal frequencies
Introduction
The concept of developmental dyslexia (reading disorder) is normally reserved for a child whose reading achievement is substantially below that expected, considering the individual's chronological age, intelligence, and age appropriate education. Evidence from a large number of studies indicates that developmental dyslexia is associated with poor performance in tasks that are thought to tap the transient visual sub-system (Badcock & Lovegrove, 1981; Di Lollo, Hanson & McIntyre, 1983; Slaghuis & Lovegrove, 1984; Evans, Drasdo & Richards, 1994) . According to these studies, early in the visual processing of normal and dyslexic individuals a coarse decomposition of the image occurs, and low and high spatial frequencies are processed by independent channels, these being the transient and sustained subsystems (Breitmeyer & Ganz, 1976; Livingstone & Hubel, 1987) . The transient subsystem is believed to be most sensitive to low spatial and high temporal frequencies, and to be predominant in the peripheral vision, while the sustained visual sub-system is proposed (Breitmeyer, 1975; Breitmeyer & Ganz, 1976; Stone, Dreer & Leventhal, 1979; Breitmeyer, 1980; Livingstone & Hubel, 1987) to be most sensitive to high spatial and low temporal frequencies, and to be predominant in the center of the retina. Although the two subsystems operate in parallel, it is believed that processing of information in the transient subsystem precedes processing information in the sustained subsystem.
Processing of global and local properties of a visual stimulus is suggested to be associated with low and high spatial frequencies respectively (Navon, 1977; Antes & Mann, 1984; Shulman & Wilson, 1987; Badcock, Whitworth, Badcock & Lovegrove, 1990; Hughes, Fendrich & Reuter-Lorenz, 1990; LaGasse, 1993) . The transient subsystem is argued to be a flicker-or motion-detecting mechanism transmitting information about stimulus change and global shape. It performs a global analysis of the stimulus, which results in directing the sustained subsystem to particularly salient small areas, where it is more effective to perform a more detailed analysis of the image. On the basis of the above discussion it may be hypothesised that if the transient deficit hypothesis is valid, dyslexic individuals should have problems in peripheral vision and in processing large stimuli and should demonstrate weaker or absent ability in processing wholes in contrast to parts of visual stimuli.
The question of whether perception is wholistic or analytic, as an enduring issue in epistemology and early theories of psychology, has been revived recently under the title of the global precedence effect. Study on the perception of different levels of the compound structure was first proposed by Kinchla (1974) . Navon (1977) claimed that processing of scenes is global to local. That is, global properties of an image are processed first, followed by the processing of local components. The dominance of global over local properties has been attributed to either faster processing of low spatial frequency channels, or inhibition of high frequency channels by a mechanism tuned to lower spatial frequencies (Navon, 1977; Hughes et al., 1990) . Kinchla and Wolfe (1979) , however, suggested that temporal order of processing, unlike the hypothesis which was initially proposed by Navon (1977) , is not always global to local, and varies according to the size of the stimulus. To investigate the effect of size on processing of global and local properties, Kinchla and Wolfe (1979) conducted an experiment with stimuli of different sizes. Participants were uncertain of the size and eccentricity of the incoming stimuli. The results of the study indicated that the global level was discriminated faster than the local level when the size of the compound pattern was less than 6-9°, and slower than the local level when the size was above that limit. Navon and Norman (1983) suggested that Kinchla and Wolfe (1979) did not have a control on the variable of eccentricity. To control this variable, Navon and Norman (1983) conducted an experiment with stimuli in which local components were located along their perimeters (Fig. 1) . In fact they equalised the eccentricities of global and local levels. The results of their study showed that when eccentricities of the two levels were equal, global level was discriminated faster than local level with both small and large stimuli.
Although Navon and Norman (1983) equalised the eccentricities of global and local levels, there was a major difference between their study and Kinchla and Wolfe's (1979) experiment, which makes any comparisons of the results of the two studies impossible. The first study was conducted in a condition in which participants were uncertain of the size and eccentricity of the stimulus while the latter was carried out in a condition where they were certain of the size and eccentricity of the incoming stimulus. The effect of uncertainty in size and eccentricity was investigated by Amirkhiabani and Lovegrove (1996) . The result of that study indicated that if the eccentricities of the global and local levels are equalised, the global level is identified faster than the local level regardless of certainty or uncertainty conditions. Experiment 1 is designed to test transient deficit hypothesis using the global precedence paradigm in an uncertainty condition. Considering the results of Amirkhiabani and Lovegrove's (1996) study, it can be expected that the result of uncertainty condition can be generalized to certainty condition, as well.
Experiment 1
If dyslexia is characterised with a deficit in the transient visual sub-system, and if this sub-system is associated with processing of low spatial frequencies and global properties, dyslexic individuals should show more difficulty in processing of the global level of a visual image than the local level. This seems a reasonable assumption, because the sustained visual sub-system of dyslexic individuals is reported to be intact (e.g. Martin & Lovegrove, 1988) . In this present experiment the paradigm of global precedence was used to study the transient deficit hypothesis. Taking the results of Amirkhiabani and Lovegrove (1996) into account, Experiment 1 was conducted in a condition where participants were uncertain of the size and eccentricity of the incoming stimulus. To control the confound of eccentricity, a series of stimuli were used in this experiment in which their local components were located along their perimeters. By doing this, the eccentricities of global and local levels were equalised. To trace the effect of global or local precedence across the retina, nine stimuli of different sizes were projected to nine different eccentricities. The main objective of this study was to examine transient deficit hypothesis using the global precedence paradigm. Specifically, the study has been targeted to examine whether dyslexic individuals show any deficit in processing of wholes in comparison to parts.
Method

Participants
Three groups of right handed children, 18 being dyslexic, 18 chronologically age-matched, and 18 reading age-matched participated in these experiments. They were all from English speaking Caucasian backgrounds. Initial screening ensured that none of the children had any identified handicap or gross behavioural or emotional problems, and all had experienced normal educational opportunities. They had normal or corrected to normal vision. In this study, a dyslexic was considered as an individual whose reading ability reflected in reading accuracy, speed, or comprehension, is substantially below that expected considering the individual's chronological age, intelligence, and age appropriate education (American Psychiatric Association, 1994) .
Intelligence was measured by performance of the participant in the Wechsler Intelligence Scale for Children-Revised (WISC-R). Reading achievement was measured by an individually administered standardised reading accuracy and comprehension test, the Neale Analysis of Reading Ability-Revised (NARA-R). Similar criteria were considered in the selection of dyslexics and chronologically age-matched controls, except the reading ages of chronologically age-matched were average or above average, using the norms of NARA-R. Reading ages and IQs of the members of the reading age-matched group were matched to the members of the dyslexic group. Details are shown in Table 1 .
Apparatus and stimuli
Stimuli were generated using an IBM computer. The experiment was conducted in a semi-darkened room. This was done by covering the windows of the room with black curtains. All stimulus events were white on a black background. The luminance of the test and fixation stimuli, measured by a Tektronix J6526 1°narrow-angle luminance probe, was approximately 7.2 cd/m 2 . Contrast of the target was 90%. Stimuli were left-or right-facing large Cs consisting of small Os, or large Os made up of small Cs or reverse Cs (Fig. 1 ). There were 13 small Os in the perimeter of any of the large Cs or reversed Cs, and 16 small Cs or reverse Cs in the perimeter of the large Os. The size of the opening of any of the global or local Cs or reverse Cs was 72°out of its perimeter. The global configurations each had one of the following nine visual angle sizes: 0.5°,1.1°, 2.4°, 4.7°, 7.2°, 9.6°, 12.0°, 14.3°, and 16.3°. Since the stimuli were circular figures around the fixation point, the eccentricity of any of the global or local figures was equal to half of the size of the global configuration. The size of any of the local elements was about one eighth of the global configuration they belonged to. A similar ratio of the size of local and global figures was used in Navon and Norman's study. As already mentioned global and local levels carried the same eccentricity. Any of the stimuli illustrated in Fig. 1 had an equal chance of being displayed in any of the above mentioned sizes.
Procedure
Viewing was binocular. The viewing distance was 60 cm. The participant's head was stabilised in a chin rest. The task was to identify the direction of opening of the C either at the global or local level by pressing specially marked keys on the keyboard. The index fingers of the right and left hands were assigned to the right-and left-facing targets, respectively. Participants were required to press a specially marked key with the index finger of the right hand if the direction of the opening of the C was to the right, and another specially marked key with the left index finger if the direction of the opening of the C was to the left. The experiment consisted of a tutoring tour, a practice session, and six experimental blocks. The practice session was designed to familiarise the participants with the nature of the experiment. There were 45 trials in each experimental block. Each subject participated in a session of about 20-min duration. A trial started with the display of a fixation point (a small filled circle) at the center of the screen for 2000 ms. The fixation point was displayed to prepare the subjects for the exposure of the incoming test and fixation stimuli and to make them concentrate on the middle of the screen. The fixation point was replaced with the test stimulus, which was one of the figures displayed in Fig. 1 , in one of the above mentioned sizes. The test stimulus was displayed on the screen for 100 ms. To ensure central fixation, subjects were required to concentrate exactly on the fixation stimulus which was displayed concurrently with the test stimulus. The fixation stimulus, which was either a ' + ' or 'x', had been positioned at the center of the test stimulus where the fixation point was already displayed. Participants were required to remember the identity of the fixation stimulus. To be sure that participants fixated on the middle of the screen, in a random selection of 10% of the trials, subjects were verbally interrogated about the identity of the fixation stimulus. The fixation point and fixation stimuli measured a visual angle of less than about 0.05°. Note that the fixation point and fixation stimulus were different. The fixation point was a filled circle which was displayed before the fixation stimulus to make participants ready and to attract their attention to the test stimulus, which was displayed immediately after the fixation point; while the fixation stimulus, which was a ' + ' or 'x', was designed to prevent fixation drift. Dyslexia has been suggested (Eden, Stein, Wood & Wood, 1994) to be associated with fixation drift, which was why having control of eye movements, was considered very important in this current study. The idea behind assigning the fixation point and fixation stimuli was to ensure central fixation and to minimise possible eye movements. The method we employed to ensure central fixation was similar to the methods which were used in Navon and Norman (1983) and Amirkhiabani and Lovegrove's (1996) studies. It seems unlikely that the exposure time of 100 ms during which the test and fixation stimuli were displayed on the screen, was long enough to make saccades.
The test stimulus was followed by a blank screen. The blank screen disappeared after the response or after a time-out of 2000 ms. Incorrect responses were followed by auditory feedback. The next trial started after either the time-out or the response, with the fixation point appearing on the screen. Subjects were required to avoid errors but to respond as quickly as possible. The response times (RTs) and accuracy rates to the test stimuli and accuracy rates to the verbal responses to the fixation stimulus were recorded.
Results and discussion
The experiment involved a mixed 2×9× 3 factorial design with target level (global and local) and eccentricity (in nine levels) as the two within-subjects factors. The reader group (dyslexics, chronological-age control, and reading-age control) was the between subjects independent variable. Data concerning practice trials was not included in the analysis. Trials in which responses were in error (5.3%) were omitted prior to reaction time analysis. Reaction time analysis resulted in a significant main effect of the reader group, F(2, 104)=12.08, PB 0.001. Scheffé Post Hoc comparisons were used to identify specific group differences. The results showed that the dyslexics processed both global and local information on average 77 ms slower than the chronologically age-matched (PB 0.05) but 96 ms faster than the reading age-matched (PB 0.05) groups (Figs. 2 and 3) . The chronologically age-matched group was on average 183 ms faster than the reading age-match group (PB 0.01). Global figures were identified significantly faster than the local components in all three groups. This was reflected in the significant main effects of target level, F(1, 52)= 78.39, P B0.001. There was a significant main effect of eccentricity, F(8, 416)= 54.31, PB 0.001, which indicated that the pattern of RTs changed across eccentricity. Interaction of target level and eccentricity was significant, F(8, 416)=35.45, PB0.001. This probably reflected the very long RTs to local components of the smallest configurations (0.5°) projected to the smallest eccentricity. Using the method of least squares to fit a general linear model indicated that patterns of reaction times to both global and local levels in all three groups best fitted with quadratic functions (Figs.  2 and 3 2 , R 2 = 0.676, F(8, 136) = 39.74, PB0.01, for the local level of the reading age-matched group. These patterns indicate that as eccentricity increased, the speed of responses to both global and local levels increased up to a certain eccentricity; but with further increase in the eccentricity, speed of processing of the two levels decreased. There was a slight shift in the dip of the U-shape functions for dyslexics in comparison to corresponding functions for the chronologically aged-matched and reading age-matched groups. The dip for dyslexics at global level was shifted to the left (Fig. 2 ), and at the local level was shifted to the right (Fig. 3) . To examine whether these shifts were significant or not, estimates of the location of dips for global and local levels were made for each participant, and then these estimates were compared across reading groups, using two oneway ANOVAs. Reader group (chronologically agematched, dyslexic, reading age-matched) was the between subject independent variable and the estimate of dip in visual angle was the dependent variable. The result of analysis showed no significant effect at both global and local levels.
Average accuracy rates to the global and local levels were 99 and 95% in chronologically age-matched, 96 and 92% in dyslexics, and 96 and 90% in reading age-matched groups, respectively. A similar analysis of variance on accuracy data revealed that none of the results of the reaction time analysis could be attributed to a speed-accuracy trade-off, because in all significant conditions faster RTs were associated with higher accuracy rates. This was also supported using Pearson's correlational analysis between participants' reaction times and error rates (r= 0.2080, PB 0.01). The overall proportion of errors for verbal identification of the fixation stimulus was less than 0.05% in all three experiments. This, indicated that the participants centrally fixated, as they were required to do. There were no other significant main effect or interactions of interest in the RT and accuracy analyses.
These results showed that in the uncertainty condition, when the eccentricities of global and local levels were equalised, the global configuration was processed faster than the local elements. The temporal order of processing did not change in favour of the local elements with an increase in sizes of the global and local levels. Therefore, the results of this study did not confirm Kinchla and Wolfe's (1979) findings about the presence of a turning-point in the order of processing of the global and the local levels, as a function of the visual angle of the stimulus. Similarly in Amirkhiabani and Lovegrove's (1996) findings it was shown that uncertainty about the size and eccentricity of the stimulus was not the origin of the turning point in the direction of the global advantage effect in Kinchla and Wolfe's (1979) experiment. More than likely, the turning point was the result of not equalising eccentricities of global and local levels in Kinchla and Wolfe's study. Meanwhile, the results of this study did not agree with the findings of Navon and Norman (1983) about the nonsignificant effect of eccentricity. These workers did not find any significant difference between the response times to the stimuli of the large and small visual angles, which were projected to different eccentricities.
Experiment 1 of the current study showed that RTs to the identification of both levels were significantly influenced by eccentricity. This difference, more than likely, is because in the former study only two eccentricities were selected to compare with each other; while in the latter one, RTs to nine different eccentricities were investigated. Therefore, our study provided better insight into the variations of reaction times across eccentricity.
This current experiment did not clarify if the quadratic functions of patterns of reaction times to the global and local levels were created by the effect of size, eccentricity, or a combination of these effects. At this stage the results show that when the sizes of global and local levels of an image proportionally increase, the speed of the identification of both global and local levels produce U-shaped patterns as a function of eccentricity.
Perhaps the most important finding in this experiment was that there was no difference in patterns of responses of the three groups to global and local levels of compound patterns. In other words, dyslexic individuals did not show any problems in faster processing of global configuration in comparison to local components, or in processing wholes in comparison to parts. However, speed of processing of both global and local levels was significantly slower in dyslexic participants in contrast to chronologically age-matched normal readers. Slower processing of visual stimuli in dyslexic individuals in comparison to the chronologically agematched group, suggests that further investigation of visual processing of the groups is warranted.
Eccentricity and size of the stimulus may well be the most fundamental properties of an image. The transient visual sub-system is suggested to be associated with peripheral vision and low spatial frequencies (Lovegrove, Heddle & Slaghuis, 1980) . Large line drawings carry lower spatial frequency than small line drawings (Antes & Mann, 1984) . If dyslexic individuals have transient channel deficit, their peripheral vision would be more defective than their central vision and they would have more difficulty in processing large stimuli than small. Experiments 2 and 3 investigate the role of eccentricity and size independently from each other.
These experiments are also targeted to study the nature of the quadratic functions reported in Experiment 1.
Experiment 2
In Experiment 1, any increase in eccentricity of the stimulus was accompanied by a proportional increase in size. It is impossible therefore, on the basis of the results of that experiment, to explain whether pattern of reaction times to global and local levels, and quadratic functions obtained in that experiment, are formed due to variations in eccentricity, or size, or the combined effect of eccentricity and size. In the second experiment, the variable of eccentricity was studied independently from the variable of size. If dyslexia is characterised with transient deficit and if the transient pathway is more sensitive to peripheral information, patterns of visual processing of dyslexics across eccentricity should be different from the control groups. In the center of the visual field, patterns of processing of the dyslexics should not be significantly different from the chronologically age-matched group, but in the periphery the former group should be significantly disadvantaged. The main objective of this experiment was to study the sensitivity of different locations on the retina of the three groups, independent of the effect of the variable of size. To do this, a single C or reverse C of a fixed size was projected to different locations on the retina.
Method
The same three groups of dyslexics, chronologically age-matched, and reading age-matched individuals who participated in Experiment 1 were used. Most of the details of the method of Experiment 2 were identical to the corresponding ones in Experiment 1, with the following exceptions. A right or left facing single C of a fixed size was projected on the monitor onto the highest or lowest positions of one of the following eccentricities: 0°, 1°, 2°, 3°, 4°, 5°, 6°, 7°, and 8°. To study a possible interaction between eccentricity and size of the stimulus, four different sizes of stimuli were used. These sizes were not mixed with each other, but were blocked. In each block, stimuli of only one of these four sizes were used:1.20°, 0.60°, 0.30°, and 0.15°. Therefore it is important to note that each block contained a single C or reversed C (and not a C or reversed C made up of Os) of a fixed size. In each trial of a block a single C (either a C or a reversed C) of a fixed size was projected to either the highest or lowest positions of one of the above nine eccentricities. The task was to press a specially assigned key on the keyboard if the stimulus was a C or another key if the stimulus was a reversed C. There was one practice session and eight experimental blocks. The practice session on average lasted for 3 jects. Central fixation was ensured using a procedure similar to that used in Experiment 1. Each subject participated in a session of about 25-min duration.
Results and discussion
Trials on which responses were in error (average of 4% of trials in the chronologically age-matched group, 5% in the dyslexics, and 7% in the reading age-matched group) were omitted prior to analysis. A high level of the average error rate was the result of low visibility of the smaller stimuli in outer peripheral locations. A 3-way repeated measures analysis of variance (ANOVA) was performed on RTs, with eccentricity (0°, 1°, 2°, 3°, 4°, 5°, 6°, 7°, and 8°) and size (1.20°, 0.60°, 0.30°, and 0.15°) being used as the within-group variables, and the reader group (dyslexics, chronologically age-matched, and reading age-matched) being the between-subject variable. Main effect of the reader group was significant, F(2, 104)= 13.49, PB 0.001. Scheffé Post Hoc comparisons were used to identify specific group differences. The results showed that the dyslexic individuals performed on average 187 ms slower than the chronologically age-matched normal readers (PB 0.01), but 31 ms faster than the reading age-matched normal readers (PB 0.10). The chronologically agematched participants were on average 218 ms faster than the reading age-matched participants (PB 0.01). Patterns of reaction times to dyslexic, chronologically age-matched, and reading age-matched groups are depicted in Fig. 4 . Patterns to any of the four sizes and in min. The practice stimulus had only one of the abovementioned sizes, randomly selected from the four possible sizes. The size of the stimulus used in the practice session was counter balanced across the subjects. There were 54 trials in each experimental block. Two blocks were allocated for each size of the stimulus. The order of various blocks was counterbalanced across the sub- 
Experiment 3
The main objective of this experiment was to examine the effect of variations in size of the stimulus on visual processing of dyslexic individuals. The second objective of this experiment was to study the effect of size independent of eccentricity. To do so, stimuli of various sizes were projected to a fixed location on the retina. Since any dramatic change in size may result in a change in eccentricity, variations in size need to be carried out carefully. To minimise variations in eccentricity due to variations in size, seven relatively small stimuli of different sizes were chosen. It was speculated that the so called transient deficit which dyslexic individuals are believed to suffer from would be reflected in their poor performance in processing large in comparison to small stimulus.
Method
The same three groups tested in Experiments 1 and 2 were used. All details of the method of Experiment 3 were identical to the corresponding ones in previous experiments, with the following exceptions. A right or left facing single C or reversed C (not a C or reversed C made of small Os) of the following seven sizes, 0.3°, 0.6°, 0.9°, 1.2°, 1.5°, 1.8°, and 2.1°, were projected onto the highest or lowest location of a fixed eccentricity. The task was to discriminate whether the direction of the opening of the C was to the right or to the left. To study the possible interaction between eccentricity and size of the stimulus, stimuli were displayed in separate blocks in one of these two eccentricities: 2.36°and 7.15°. Central fixation was ensured using a procedure similar to that used in Experiments 1 and 2. There were six experimental blocks. Three experimental blocks were allocated to eccentricity 2.36°(condition 1) and three to eccentricity 7.15°(condition 2). The order of experimental blocks was counter balanced across the subjects. There were 35 trials in each experimental block. In each block, either a C or reverse C of one of the seven above mentioned sizes was projected to a fixed eccentricity. Experimental blocks were preceded by a practice session. As in the previous experiments, the practice session was a short version of the experimental session, which continued for about 3 min. Each subject participated in a session of about 15-min duration.
Results and discussion
A 3-way repeated measures ANOVA was performed on RTs, with sizes (0.3°, 0.6°, 0.9°, 1.2°, 1.5°, 1.8°, and 2.1°), and eccentricity (2.36°and 7.15°) as the withinsubject variables; and the reader group (dyslexics, chronologically age-matched, and reading age-matched) all three groups best fitted with increasing linear functions (Figs. 5-7) . Note that the mean reaction times for each group in Fig. 4 are calculated by averaging the means to four graphs in each of the Figs. 5 -7. For the sake of brevity, best fitting functions to patterns of reaction times and corresponding F values are reported only for the graphs which are shown in Fig. 4 and not all of the 12 graphs in Figs. 5 -7. These values were, y= 548.00+ 13.644x, R 2 =0.980, F(8, 136) = 6.51, P B 0.05, for the chronologically age-matched; y =736.91 + 13.32x, R 2 = 0.990, F(8, 136) =14.10, P B 0.01, for the dyslexic; and y=732.59 + 438x, R 2 =0.981, F(8, 136)=10.60, P B0.01, for the reading agematched groups.
Reaction times decreased with an increase in size, F(3, 156)= 28.18, PB0.001. This means that, stimuli of smaller size were discriminated slower than stimuli of larger size. The main effect of eccentricity was significant, F(8, 416)=50.72, P B0.001. The result of accuracy analysis indicated that accuracy decreased as a function of an increase in eccentricity, F(8, 416) = P B 0.001; and decrease in size, F(3, 156) =15.21, P B 0.001. In similar fashion to Experiment 1, correlational analysis between subjects' reaction times and error rates revealed that none of the findings of RT analysis can be attributed to a speed-accuracy trade-off (r= 0.1186, PB 0.01).
as the between subject variable. Trials in which responses were in error (average of 3% for the three groups together) were omitted prior to RT analysis. The main effect of the reader group was significant, F(2, 106) = 17.72, PB0.001. Scheffé Post Hoc comparisons were used to identify specific group differences. The results showed that the dyslexics performed the task on average 70 ms slower than the chronologically age-matched (PB0.05) and 140 ms faster than the reading age-matched group (P B0.01). The chronologically age-matched group performed on average 210 ms faster than the reading age-matched group (P B 0.01). Reaction times decreased with an increase in size, F(6, 318)=62.05, P B0.001 (Fig. 8) . That means stimuli of the smaller size were discriminated more slowly than stimuli of the larger size. , R 2 =0.921, F(6, 102) = 23.23, PB0.01, eccentricity conditions of the reading agematched groups. Stimuli projected closer to the fovea were discriminated faster than stimuli projected to a location further from the fovea, F(1, 53)= 76.47, PB 0.001 in all three groups. This confirms the finding of the previous experiment concerning the effect of eccentricity. Average correct RTs are illustrated for each group (Fig. 8) . A similar analysis was performed on accuracy rates. The comparison of the results of RT and accuracy analyses indicated that none of the findings of RT analysis can be attributed to a speed-accuracy trade-off. This was also confirmed using Pearson's correlational analysis between participants' reaction times and error rates (r= 0.2467, PB0.01). The results of this experiment did not show any difference in patterns of reaction times of the three groups concerning variations in size of visual stimuli.
General discussion
Experiment 1 indicated that the difference between the results of Kinchla and Wolfe (1979) and Navon and Norman's (1983) studies was not the result of the difference in the experimental conditions (certainty versus uncertainty to size and eccentricity of the incoming stimulus) employed by these workers. It appears that the variance between the two reports occurred because eccentricities of global and local levels were not equalised in Kinchla and Wolfe's (1979) work. Experiment 1 revealed that when these eccentricities were equalised, the global level was processed faster than the local level by both dyslexic and non-dyslexic individuals. In a similar manner to the patterns of responses of normal readers, dyslexics' patterns of responses to global and local levels formed quadratic functions across eccentricity.
Experiment 2 indicated that when the variable of size was controlled, patterns of reaction times by eccentricity formed an increasing linear function. These patterns were similar in the three groups, indicating that dyslexic individuals do not suffer from a deficit in peripheral vision, the premise suggested by the advocates of transient deficit hypothesis.
The results of Experiment 3, also, did not confirm transient deficit hypothesis, in the sense that dyslexic individuals did not show difficulty in processing large stimuli (stimuli of low spatial frequencies) in comparison to small stimuli (stimuli of high spatial frequencies). Additionally Experiment 3 showed that when the variable of eccentricity was controlled the pattern of RTs by size formed a logarithmic function in all three groups.
The results of Experiments 2 and 3 together clarified the question raised in Experiment 1 regarding the quadratic patterns of RTs across eccentricity. When the variable of size was controlled, the patterns of RTs by eccentricity formed an increasing linear function. When eccentricity was controlled, the patterns of RTs by size formed a decreasing logarithmic function. When size and eccentricity proportionally increased, a condition which existed in Experiment 1, the patterns of RTs made a quadratic function. This function was the sum of those increasing linear and decreasing logarithmic functions reported in Experiments 2 and 3.
The overall results of these experiments showed that dyslexics are not different from normal readers in seeing wholes in contrast to parts, in the processing of information coming from peripheral locations on the retina, and in the patterns of responses to variations in size of the stimulus. However, they showed a deficit in temporal processing of visual information. One may argue that the sluggish processing reported in this study is because of dyslexics' slow responses in using their hands. The only studies we could find on dyslexics' ability in using their hands were on bimanual coordination. Rousselle and Wolff (1992) , Moore, Brown, Markee and Theberge (1995) reported a deficit in dyslexics' bimanual coordination with and without visual feedback. These reports do not seem to negate the findings of our study, because in the task that we used, there was no need for bimanual coordination. We also did not counter balance hand-key assignment in this study because of the possible right-left confusion of dyslexics. There are also some reports (Simon, Sly & Vilapakkam, 1981; Boer & Keuss, 1982) indicating that left-right position of the stimulus works as an irrelevant directional cue for normal participants responding with left versus right response keys. This was another reason why hand-key assignment was not counter balanced in our study. Generally, considering that the experimental task in our study was extremely simple and there was no confusion in hand-key assignment, the dyslexics' sluggish patterns of responses do not seem to be the result of their slowness in motor response to the visual stimulus.
Therefore in so far as visual processing is concerned, it does not seem that dyslexics have a problem in seeing wholes in contrast to parts. However, they seem to be slow in processing any visual information, and this slowness may be the major cause of their disability. Why is this sluggish processing a matter for concern in the reading ability of dyslexics? The answer is that reading largely involves rapid processing of visual information. Rapid processing of specially peripheral information and integration of that information with information coming from a fixation point is essential for successful reading. The relevance of sluggish visual processing to reading disability becomes even clearer once it is considered how this finding is related to other findings (e.g. Slaghuis, Lovegrove, & Freestun, 1992) about visual information processing and particularly metacontrast masking. Reading involves multiple fixations separated with saccadic eye movements. This appears to be very important particularly when it is considered in relation to the literature about dyslexics' tendency to fixation drifts (Eden et al., 1994) and dyslexics' difficulty in saccadic suppression (Breitmeyer, 1980) . Generally, dyslexics' slower speed in processing of visual stimuli, seems to have a devastating effect on their reading ability, because reading requires speed, saccadic suppression and saccadic fixation.
It is possible that the deficits in both visual and phonological processing of dyslexics reflect some underlying processes such as reduced capacity to process rapidly presented stimuli in a number of sensory modalities. At this stage there is not enough data to decide whether the sluggish processing reported above may be limited to visual modality, or may be part of a more general deficit in information processing. There are some studies suggesting deficits in dyslexics' other sensory modalities. For example, Tallal (1980) showed that dyslexics have problems in the hearing of rapidly presented auditory stimuli. Also, there are some reports on dyslexics' slowness in rapid automatized naming (Wolff, Michel & Ovrut, 1990; Watson & Willows, 1995) . At this stage it is impossible to confirm whether the visual deficit reported in this study is part of a more global deficit. As Bouma and Legein's (1981) suggested the deficit may be related to a delay in translation and analysis of visual stimuli into recognisable codes. However, further research into this area is needed before a firm conclusion can be reached.
Finally, as a suggestion for future studies, it should be mentioned that in this study central fixation was controlled using fixation stimuli. This still leaves the possibility that fixations in the dyslexics were more or less stable than those in the controls. This possible confound can be better eliminated if eye movements are recorded. This can be the direction of future investigations. Meanwhile further research into the difference between the results of Kinchla and Wolfe and Navon and Norman's studies is needed, because both in Navon and Norman's and our studies the size of the local stimuli had a fixed proportion of the global stimuli, and no systematic variation of these parameters was administered. Thus there is a possibility that if the size relationship between the local and the global stimuli was changed the pattern of results could have confirmed Kinchla and Wolfe's findings.
